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[57] ABSTRACT 

Apparatus which permits treatment of products with 
ultraviolet light in a controlled atmosphere comprises 
an inner chamber positioned within an outer chamber, 
the workpiece to be treated passing through the inner 
chamber. The outer chamber has a means for supply- 
ing ultraviolet light in the upper surface of a second or 
inner chamber whereby ultraviolet light may be radi- 
ated, in the inner or second chamber. The apparatus 
may also contain means for carrying the product to be 
treated, as well as cooling means at either end of the 
path of treatment. 

1 1 Claims, 3 Rawing Figures 
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APPARATUS FOR ULTRAVIOLET LIGHT A. a first chamber havin- at least one ultraviolet kmn 

TREATMENT IN A CONTROLLED ATMOSPHERE in a surf acT thereof! ' ^ 

B. a second chamber positioned within the first 

BACKGROUND OF THE INVENTION chamber and defining a reservoir between the 

5 chambers, 

The ultraviolet light treatment of materials to effect C. the second chamber having spaced inlet and outlet 
curing, sterilization, etc., is known in the art, and proc- openings establishing a path of travel for a work- 
esses involving ultraviolet light are becoming of in- piece and said second chamber containing means 
creasing importance. The application and curing of for the passage of ultraviolet light to the second 
coatings is one area in which radiation with ultraviolet 10 chamber in the upper surface of the second cham- 
light provides numerous advantages. Irradiation proc- ber and said first and second chambers substan- 
esses are carried out by treating ultraviolet light sensi- tially completely enclosing said path of travel be- 
tive materials to light, at least part of which has a wave- tween said inlet and outlet openings, and 
length in the ultraviolet region. D. means for introducing gas into the path of travel 

The use of ultraviolet light in treating various materi- 15 °£ the workpiece. 
als is carried out by exposing appropriately sensitive The present invention provides apparatus for treating 
materials to light, at least part of which has a wave- products with ultraviolet light in an atmosphere in 
length in the ultraviolet region. The ultraviolet region which the level of oxygen or any other gaseous compo- 
is usually considered to extend from about 4,000 A. nent can oe controlled within quite rigid limits. For ex- 
down to as low as 40 A., although for practical pur- 20 ample, where it is desired to exclude oxygen to the ex- 
poses the region below about 2,000 A. is not ordinarily tent possible, the present apparatus can easily attain 
significant. While sunlight includes wavelengths in the oxygen levels in the path of travel of a workpiece as low 
ultraviolet region, as received it has little or no light at as 100 parts per million or lower, even where work- 
wavelengths much below 3,000 A. due to absorption by pieces are being continuously irradiated and thus are 
the atmosphere. Thus, for useful processes it is neces- 25 continuously moving through the apparatus. 

T^^SESiSS, to p,„ ou< * „,„„,„,„ DESCR.PT.ON OF THE DRAWINGS 

light. Mercury lamps, in which an electric discharge is In the drawings: 

passed through mercury vapor, are the most common, ~ 0 . FIG- 1 is a perspective view of an apparatus compris- 
but others include metal halide lamps, luminescent or ing one embodiment of the invention, 
fluorescent lamps, etc. The so-called "Sunlamps" can FIG ' 2 is a longitudinal section through the apparatus 

also be employed. shown in FIG. 1. " 

It has been found that the efficiency of ultraviolet 3 »s a longitudinal section through the apparatus 

light in treating materials in many cases depends upon 35 whlch is another embodiment of the invention, 
the environment of the material being treated. For ex- . Refernng to FIG - 1 tne first or outer chamber 1 has 
ample, many materials are more or less sensitive to ul- m the bottom surface thereof two ultraviolet lamps 2 
traviolet light, depending upon the atmosphere in and 3, lamp 2 being a mercury lamp and lamp 3 being 
which they are located. The presence of certain levels a m ha hde lamp. Although only 2 lamps are shown, 
of oxygen in the atmosphere is often a determining fac- 40 ° ne °I m0r f lamps may be used Spending on the en- 
tor in both the rate of the desired reaction and the qual- ergy desired. The lamps are interchangeably connected 
ity of the finished product. Other factors involve ha- ~° 6 elect ™ cal source through connectors 4 and 4'. 
zards such as the possibility of fire or explosion and the Separating the lamps are reflectors 5 which are cooled 
production of ozone during the treatment process ^ co ? hn f hnes 6 whlch - contact the reflectors and con- 

It is, therefore, often desirable to carry out treatment 45 « a '" c, rculating water from water lines 7 and manifolds 
with ultraviolet light in a controlled atmosphere in ^ TJ°? 5™°*!* 'f^ffcT^ * ro "f * he to P sur *ace 
which the level of oxygen can be maintained within de- ^StS, , t h ° f ^ SitU " 

sired limits. While this is relatively easily carried out in XlS? X? r *? eCt ° rS m „ th ? UpP , er SU * a . ce 9 of lnner 
a closed system, most orocesses cannot be economi- r J*? ^ hamber 10 18 Positioned 

cally performed in closed apparatus and heretoforHt 50 w.thm the first chamber and has openings 11 and 11' 
has not been possible to provide efficient control oTme SZStt^SZ2^££S ^ 
atmosphere surrounding a workpiece in a process the chambers and P are ^nnected ^ to a gasTuLe (no" 
m" tently S or ^ ^own). Also shown is an auxiliary g^mleTl 5 J ?he 
n , f* ■ j « . «c mJet opening to the second chamber 

One proposal for providing an inert atmosphere, sug- 55 i n mri ? t h* fW n^mk! - u *u • , 

gested for use in a process involving electro/beam irra- lampsTand S^o^T^ it a Tetnd cha^ef 10 
diation ,s described in U.S. Pat. No. 2,887,584. The having inlet and outlet openings 11 and I V The bulbs 
ZllTL aS J» t th-em comprises a chamber of the ultraviolet lamps and the reflectors S extend to 
open at the bottom into which the product to be irradi- the upper surface 9 of chamber 10. Gas inlet tubes 13 
ated ,s passed while attempting to maintain a relatively 60 extend transversely through the apparatusTnd contain 
than r? T Ci T hel ? °£- a J ighter - 3 P,uralit y of hoJ therein for theT'oductSn o gas, 

T fj° d .K PlaCe , mr there,n - The appa " distribution of the gas being shown in the drawing 

ratus as described m the said patent ,s quite limited in by arrows. Conveyor rollers 14 which assist in passing 

£th of th , ,°l ygen ^ ^ exc J uded from * e 65 the workpiece are in the lower surface of the second 

path of the product to be irradiated, and for this reason chamber and cooling tubes 16 provide cooling of the 
does not appear to have been successfully utilized. bottom surface of the second chamber in the path of 

The apparatus of the present invention comprises: the ultraviolet light. At each of the openings in the sec- 
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ond chamber, a gas distribution tube 15 is provided, 
also extending transversely across the opening and hav- 
ing a plurality of holes for the passage of gas. 

In FIG. 3 the apparatus of FIGS. 1 and 2 is shown 
wherein the bulbs for the ultraviolet lamps and the re- 
flectors do not form part of the surface of inner cham- 
ber 10 but a window 17 for passing ultraviolet light is 
provided at surface 9. Thus, the first chamber 1, with 
the ultraviolet lamps 2 and 3 contains within it a second 
chamber 10 having inlet and outlet openings 11 and 
11'. Ultraviolet light transmitting window 17 in the sec- 
ond chamber is in juxtaposition with the ultraviolet 
lamps 2 and 3 and allows the ultraviolet light to travel 
to the workpiece 12, Gas inlet tubes 13 extend trans- 
versely through the apparatus and contain a plurality of 
holes therein for the introduction of gas, the distribu- 
tion of the gas being shown in the drawing by arrows. 
Conveyor rollers 14 are in the lower surface of the 
inner chamber and cooling tubes 16 provide cooling of 
the bottom surface of the inner chamber in the path of 
the ultraviolet light. At each of the openings in the 
inner chamber, a gas distribution tube 15 is provided, 
also extending transversely across the opening and hav- 
ing a plurality of holes for the passage of gas. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The first or outer chamber of the apparatus can be of 
any suitable size or shape depending upon the nature 
of the product or workpiece to be treated. It is usually 
rectangular in shape with the ultraviolet lamps attached 
to the inside surface. The lamps employed can be any 
of the commercially available lamps which emit light in 
the ultraviolet region, preferably one which emits pre- 
dominantly in the range of 2,000 A. to 4,000 A. Mer- 
cury vapor and metal halide vapor lamps are generally 
utilized. The distance from the lamp to the v/orkpiece 
is not ordinarily critical within reasonable limits, and 
the optimum distance varies with the intensity of the 
ultraviolet light, the nature and size of the material 
treated, the speed with which the workpiece is carried 
through the ultraviolet light zone, and similar factors. 
In the apparatus illustrated, the lamps are located 
about 1 to 16 inches from the conveyor. It is not always 
necessary that the lamps be within the chamber in 
which the workpiece is treated. However, where the 
lamp is located outside the chamber, a suitable window 
made of a material which transmits ultraviolet light, 
such as quartz should be used so as to permit the ultra- 
violet light to impinge on the desired portion of the 
path of travel of the product being treated. 

In some instances, the ultraviolet lamps in the outer 
chamber can be part of a common surface with the 
inner chamber. Such an arrangement has the advantage 
of eliminating windows and thus reduces the loss of ul- 
traviolet light occasioned thereby, but also makes the 
apparatus less flexible. 

The second or inner chamber is positioned within the 
first chamber, thereby defining a reservoir between the 
inner surface of the first chamber and the outer surface 
of the second chamber. While it is desirable that the 
second chamber be of a size such that the height above 
the surface of the workpiece is minimized, its size is 
also not critical. However, the distance the light must 
travel before meeting the surface of the workpiece af- 
fects the distribution of energy in the product treated. 
The volume of the reservoir thus depends upon the 
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number and type of gas inlets, the flow rate of gas, and 
the overall dimensions of the components of the appa- 
ratus. 

The second chamber has openings establishing the 
5 path of travel for the workpiece. Ordinarily, these 
openings are at either end of the second chamber and 
the path of travel passes through the chamber and be- 
neath the path of the ultraviolet light. The area of these 
inlet and outlet openings should be as low as possible 

10 to permit the passage of the workpieces, and the larger 
the area of the inlet and outlet, the longer the path of 
travel through the second chamber should be. The ob- 
ject is to provide a stable condition inside the second 
chamber, thereby minimizing differences due to exter- 

1 5 nal changes in atmosphere, such as caused by air move- 
ments. The dimensions of the openings can be varied 
depending upon size and shape of the workpiece; the 
shape of the opening can be regular or irregular as re- 
quired. Replaceable or moveable openings of different 

20 configurations can be provided if desired. 

The apparatus also comprises means for the intro- 
duction of gas into the path of travel of the workpiece. 
This is usually accomplished by providing a plurality of 
gas inlets in the reservoir between the chambers and 

25 then providing means for the passage of the gas into the 
second chamber. Where the second chamber contains 
an opening for the passage of the ultraviolet light, this 
can serve as one of or the only means for the gas to 
enter the second chamber. Alternatively, the gas can be 

30 introduced into the second chamber, although this is 
less desirable, or an opening or other passageway can 
be provided in the second chamber at some point other 
than the point at which the ultraviolet light enters the 
second chamber. 

35 The number and arrangement of inlets for the intro- 
duction of gas and direction of flow of the gas can be 
varied, and in fact, it has been found that different 
types of processes require different arrangements. 

40 J herefore > it: is desirable to provide a plurality of such 
inlets and that means be provided so that the direction 
of gas flow can be varied. It is further desirable that 
these inlets be based at various points throughout the 
reservoir. Thus, the preferred arrangement is a series of 

45 gas distribution tubes spaced in the reservoir and ex- 
tending transversely through the apparatus, these gas 
distribution tubes having a plurality of inlet holes along 
their length and being rotatable, thus permitting chang- 
ing the direction of flow. A manifold connected to a gas 

50 source is usually employed to provide a uniform gas 
pressure to each of the gas distribution tubes. 

As indicated, the overall size of the apparatus can be 
varied. The apparatus can be constructed of any mate- 
rial which is not overly sensitive to ultraviolet light, i.e., 

55 which does not substantially degrade and become unus- 
able when subjected to the type of light employed. 
Most metals, glass, plastic, etc., can be used. It is pre- 
ferred that a noncorrosive material be utilized and 
stainless steel is the specifically preferred material of 
6Q construction. 

The apparatus can also be provided with certain op- 
tional components. Means for conveying the workpiece 
along the path of travel can be included, these being, 
for example, rollers located in the lower portion of the 
65 second or inner chamber; these can be power-driven if 
desired. It is also desirable to include cooling means in 
the area of the second chamber upon which the ultravi- 
olet light impinges when not entirely absorbed by any 


material being treated. Such cooling means can be 
tubes filled with circulating fluid, a block of heat- 
conducting material, a water or other reservoir, or any 
other means which permits absorption and/or transfer 
of heat. 

Other auxiliary equipment which is often desirable 
include means for introducing gas at the inlet and out- 
let; these can be gas distribution tubes similar to those 
located in the reservoir, placed above the opening with 
gas flow directed downward, preferably at 45° angle. 
Still other optional features include provision for con- 
tinuously or periodically analyzing the atmosphere in- 
side the chamber, means for viewing the workpiece, 
such as cameras, etc., vacuum or other pumps, and the 
like. 

The apparatus can be varied in structure to meet the 
needs of specific processes in which it is employed. For 
example, the apparatus can be used in conjunction with 
more than one source of ultraviolet light by providing 
a plurality of lamps as required. For example, both 20 
sides of a workpiece can be exposed, if desired, or a 
workpiece of complex shape can be treated from vari- 
ous angles. 

In one embodiment of the invention, an apparatus as 
shown in the drawings comprises a first or outer cham- 25 
ber 2 1 inches long. Attached to the top inner surface 
are two ultraviolet lamps, each 12 inches long, one a 
Sylvania mercury vapor lamp rated at 330 watts per 
inch and the other a Sylvania metal halide seeded mer- 
cury vapor lamp rated at 330 watts per inch. The lamps 30 
are arranged so that either or both can be used at any 
one time. Each lamp has a polished aluminum reflec- 
tor, each reflector having attached a coil through which 
cooling water is circulated when the lamps are in oper- 
ation. The lamps are spaced from about 1 inch to 16 35 
inches from the conveyor which passes beneath the 
lamps and through the chamber, depending upon the 
spacer employed. The second or inner chamber is 55 
inches long, 14 inches wide and 2 inches deep. Each of 
the inlet and outlet openings in the second chamber is 40 
14 inches wide by 2 inches high and the upper surface 
of the second chamber comprising the bulbs of the ul- 
traviolet lamps surrounded by a foraminous panel. 
Eight gas distribution tubes positioned above and 
below the second chamber in the reservoir area extend 45 
transversely through the apparatus; the tubes are rotat- 
able and each tube h as 1 hoje per inch there in, each 
hole being 0.090 inch in dlameterTThe tubes arecon" 
nected to a manifold which is in turn connected to a 
source of nitrogen. A conveyor is used to pass the 50 
workpiece through the second chamber with three 
power-driven rollers in the bottom of the second cham- 
ber aiding in the passage. 

The apparatus as described is constructed of stainless 
steel and can accommodate workpieces up to about 12 55 
inches wide and about 1 inch thick. 

In operation of the above-described apparatus, a 
total nitrogen flow of 60 cubic feet per minute is passed 
through the manifold and distributed by the gas distri- 
bution tubes in the reservoir. A product line is carried 60 
through the second chamber at a rate of about 1 50 feet 
per minute. During such operation, the concentration 
of oxygen in the path of travel of the workpiece is less 
than 150 parts per million. By reducing the speed of 
travel and/or the size of the product line, the oxygen 65 
content can be reduced to below 60 parts per million. 
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The apparatus can also be used to provide a sustained 
level of oxygen (or other gas) during operation. This is 
desirable using some coating materials, for example, 
and is accomplished by feeding a controlled mixture of 
5 oxygen and nitrogen through the gas distribution sys- 
tem. An advantage of the use of the apparatus in this 
manner is that ozone and other gaseous by-products 
are removed during operation and thus the concentra- 
tion of such by-products does not build up to undesir- 
10 ably high levels. The apparatus can also be operated at 
reduced pressure, by providing suitable auxiliary equip- 
ment, e.g., pumps, chambers, etc. 

According to the provisions of the patent statutes, 
there are described above the invention and what are 
now considered to be its best embodiments. However, 
with the scope of the appended claims, it is to be under- 
stood that the invention can be practiced otherwise 
than as specifically described. 
I claim: 

1. In an apparatus for treating products with ultravio- 
let light in a controlled atmosphere 

A. a first chamber having at least one ultraviolet lamp 
in a surface thereof, 

B. a second chamber positioned within said first 
chamber and defining a reservoir between said 
chambers, 

C. said second chamber having spaced inlet and out- 
let openings for a workpiece establishing a path of 
travel for said workpiece and having means for the 
passage of ultraviolet light in juxtaposition with 
said ultraviolet lamp, 

D. said first and second chambers substantially com- 
pletely enclosing said path of travel between said 
inlet and outlet openings, and 

E. means for introducing gas into said path of travel. 

2. The apparatus of claim 1 in which said second 
chamber extends through said first chamber. 

3. The apparatus of claim 1 in which said means for 
introducing gas comprises means for introducing gas 
into said reservoir. 

4. The apparatus of claim 1 in which said means for 
the passage of ultraviolet light in said second chamber 
is a window in one surface of said chamber. 

5. The apparatus of claim 1 in which said means for 
the passage of ultraviolet light in said second chamber 
is the extension of the lamps so that the bulbs of the 
lamps form part of a surface of said second chamber. 

6. The apparatus of claim 1 in which cooling means 
is provided in a portion of the surface of said second 
chamber. 

7. The apparatus of claim 1 in which said means for 
introducing gas comprises a plurality of gas distribution 
tubes. 

8. The apparatus of claim 1 in which additional 
means for the introduction of gas are provided at the 
said inlet and outlet openings in said second chamber. 

9. The apparatus of claim 1 in which means for con- 
veying the workpiece along said path of travel is pro- 
vided in the lower surface of said second chamber. 

10. The apparatus of claim 9 in which said means for 
conveying the workpiece comprises rollers. 

11. The apparatus of claim 1 in which said means for 
the passage of ultraviolet light in said second chamber 
is an opening in the surface of said chamber. 

* # * * * 


